Boreholes drilled to the bottom of ice stream B in the West Antarctic Ice Sheet reveal that the base of the ice stream is at the melting point and the basal water pressure is within about 1.6 bars ofthe ice overburden pressure. These conditions allow the rapid ice streaming motion to occur by basal sliding or by shear deformation of unconsolidated sediments that underlie the ice in a layer at least 2 meters thick. The mechanics of ice streaming plays a role in the response of the ice sheet to climatic change.
T HE DEMONSTRATION OF RAPID MO- tions in the great Antarctic ice streams (1) has added an important new element to earlier concern over the possible instability of the West Antarctic Ice Sheet (2) , because these motions provide a process for rapid dispersal and disintegration of the ice sheet. This process needs to be taken into consideration in attempting to evaluate the interactive role of the ice sheet in global change. To do this in a reliable way requires an understanding of the underlying physical mechanism of ice streaming flow. Concentrated glaciological study of the Siple Coast sector of the ice sheet in recent years has delivered good data on ice stream morphology, motions, and mass balance (1, 3, 4) , which provide basic information relevant to the physical mechanism of ice streaming. To the earlier suggested mechanisms of ice superplasticity (5) and basal sliding (6) has been added a new hypothesis based on detailed seismic sounding, namely, that the rapid motions are due to shear deformation of a layer ofwater-saturated till underlying the ice (7) .
Quantitative models of ice stream flow have been developed (8, 9) , but until the actual streaming flow mechanism is known, these theoretical models can only be considered to be hypothetical. The West Antarctic ice streams are rapidly moving currents 30 to 80 km wide and 300 to 500 km long within the generally slowmoving mass of the ice sheet [ Fig. 1 (4 pressure at the bed. The depth of the flotation level depends on the ice density profile, which is known to a depth of 50 m from core data (17). If for the density profile at greater depth we use data (19) from the deep core at Byrd Station (Fig. 1) , adjusted to the temperature profile at Upstream B (20), we find the flotation level to be at a depth of 99 m for an ice thickness of 1035 m, appropriate to the 1988 holes, and at a depth of 101 m for an ice thickness of 1057 m, appropriate to the 1989 holes. On this basis, the observed basal effective confining pressure (overburden pressure minus water pressure) in the different boreholes varied from 0.3 to 1.6 bars. This can be compared with the value 0.5 + 0.4 bar inferred by Blankenship et al. (7) from seismic data. Figure 3 shows the time variation of water pressure (expressed as equivalent borehole water level) measured with a pressure transducer at the bottom of borehole 3. The first pressure rise, 12 hours after the initial water level drop to 105 m, occurred at about the time when (according to theoretical calculations) one would expect the borehole to first freeze shut at a point in the upper part of the hole where the temperature is lowest (Fig. 2) . Subsequent freezing below this point will tend to inject water from the borehole into the basal water system because of the expansion on freezing. Perhaps the first pressure rise was caused by this injection and reflected a detectable impedance in the local water system or in the borehole's connection to it. We do not yet have a clear idea as to the cause ofthe second rise and associated details (21).
Samples of rock material from the basal zone were obtained by three different methods. In the first, fine granular material driven into suspension by the hydraulic-mining action ofthe hot water drill jet was captured as it settled out in open chambers in the drill stem. In this way we obtained 2 kg of bottom sediment from borehole 2. The sample consists of fine sand and silt, similar to the fine sediment fractions obtained at the bed in other glaciers, except for the relative lack of the finest (clay size) fraction, which was mostly winnowed out in the sampling procedure. Under microscopic examination we found several sponge spicules; these indicate that the material contains marine sediment. A portion ofthe sample was examined by Scherer (22, 23) , who reported the presence of marine and nonmarine diatom tests and several other microfossil types, both terrestrial and marine. The diatoms are of a mixture of Cenozoic ages including exam' ples from the Ogliocene, Miocene, Pliocene, and possibly Pleistocene (22).
In the second sampling method a borehole penetrometer, consisting of a steel rod of 1.2-cm diameter with a sharpened tip, was driven into the bottom by a heavy cylindrical hammer weight. A layer of sediment about 2 mm thick with coarse particles protruding adhered to the rod up to 0.4 m above the tip and was recovered (total sample weight 12 g). Because this sediment was sampled in place, without the winnowing and size-sorting action involved in the first method, the second method yielded a more representative and less disturbed sample. The material is a muddy, unsorted mixture with clasts up to 7 mm in size. The coarse clasts are mostly granitic, some with gneissic structure. The particle size distribution of the sample (Fig. 4) The third sampling method was piston coring. In December 1989 we obtained two piston cores, each 2 m long and 5 cm in diameter, from beneath the ice near Upstream B. When the subglacial material was recovered, it was unfrozen, plastic, and clayey to the touch, but also gritty from coarser particles. The material contains rock clasts as large as 5 cm. It appears to lack bedding or other structural layering. These attributes reinforce the conclusion that the subglacial material is till and that the base of the ice is at the melting point. Measurement of weight loss on drying indicates that the water-saturated porosity is 40 ± 1% (two samples); this high porosity suggests that the till has been dilated by active shear deformation.
The basal sampling provides direct observations of a subsole till layer of the general type inferred from seismic data (7) . The length of the cores indicates that the layer is at least 2 m thick. The seismically inferred thickness is about 6.5 m in the vicinity of Upstream B (26) . Indications that the till has been deformed are its high porosity and the mixture of ages of its contained fossils, which suggests that mixing of rock materials from a variety of bedrock sources has occurred, as could be expected in a deforming subsole till (22).
The High basal water pressures, near flotation, promote rapid basal sliding, as has been 0.01 observed in glacier surging (27) and laboratory experiments (28) and as expected from theoretical considerations (29) . High water pressure also reduces strength and promotes deformability of unconsolidated, water-saturated sediments (30) . The presence of a layer of deformable sub-basal till, inferred from seismic data (7), is confirmed by our borehole sampling. 
